This article examines the complex relation between science, technology and art at the close of the 19th century, which provoked a critical engagement with the notion of the prototype among modernist artists such as Duchamp, Klee, Kandinsky and Vasareli, among many others. Little attention has been given so far to the extent to which the prototype featured both as physical model and as conceptual strategy, and the way it traverses the artistic landscape of Europe in the first half of the 20th century. By drawing attention to the conscious investment of the prototypical in the art of the early 20th century, this article reflects on the concept of the prototype, whose emergent beauty signalled its impending irrelevance.
The emergence of the prototype in early 20th-century art has been given scant attention in the literature to date, perhaps because the phenomenon appeared to most to be merely a matter of the reproduction and replication of artefacts in the industrial age (Benjamin, 2008 (Benjamin, [1936 ; Maniura and Shepherd, 2006) . The first exhibition to dedicate itself to an exploration of models and prototypes in early 20th-century art took place in the Mildred Lane Kemper Art Museum in 2006, giving credence to the abstract ordering principles at work in the fashioning of artefacts that are to be disseminated as multiples, rather than as unique and singular works (Machanda, 2006) . I will take this exhibition as the convenient starting-point for an exploration of the emergence of the prototype as artwork in its own right at a time when the economy began to be run increasingly on immaterial, in other words electronic, forms of information transfer. This article will explore the prototypical artwork as prefiguring a knowledge-based economy, which thrives on the circulation of images rather than objects. The importance of image-based and essentially non-material forms of connectivity to a rising cosmopolitan community at the beginning of the 20th century is undeniable, and yet I will argue that it is a mistake to assume that we can explain the success of the prototype in art by the social context of its consumption alone.
This article will attempt to reignite interest in the prototype in early 20th-century art, which, as a phenomenon, has been relegated to obscurity by the attention directed to the story of the impact of replication, surfacing in art history under the aegis of the notion of the death of authenticity and the birth of originality, a concept that has long defined the reception of modernist art (Krauss, 1985) . Where conventional thinking, inspired by Walter Benjamin's (2008 Benjamin's ( [1936 ) classic essay on the work of art in the age of mechanical reproduction, has embedded the prototype in the machine-based technological revolution of mechanical forms of mass production, I will trace its origination in the chemical revolution and in the innovation and take-up of new materials, such as porcelain, steel and rubber, that enabled the creation of self-similar forms produced from moulds and a material world made by design. Even this conjecture, however, does not explain why, at the beginning of the 20th century, artists took to the concept of the prototype -well established by then in the field of design -in the manner outlined in this article.
The intellectual spark for the prototype as artwork, I contend, lay in fact outside science and industry in the discovery of the new world and the arrival of collections of artefacts that served as models in their own right. It was the realization of the salient relation between two concepts, the visible and the invisible, made manifest by these ethnographic collections and supported by the popular reception of a rising technical industry based on material translation from drawing and memory to object, which enabled modernist artists to uncover and give expression to a parallel form of logic of the concrete, as formulated in the notion of a 'designed' prototype, to run alongside that of science and industry.
Much of what we take for granted today as the role of the image in the intellectual life of an increasingly global culture has arisen on the back of an image-based economy of knowledge, yet it is the discovery of what enables us to empathize with its potential that can be credited to modernist artists who worked in a distinctly anthropological vein. For it was these artists who realized that they could undercut the appearance of chance in human attachment to things, by seizing and using the logic underlying the translation of an idea into a thing for their own ends.
F R O M P R E P A R A T O R Y M O D E L T O D E S I G N E D P R O T O T Y P E : T H E D E F E A T O F C H A N C E
Models have figured as a preparatory step in artistic production in the form of the sketch, the graph, the photograph, written notes, or the physical model.
As an outline of a thought process, such preparatory models are aids to help visualize, explain and predict the appearance of an artwork. Much like the model in science, which renders visible what cannot be directly observed, the model deployed in artistic production serves to replicate empirical reality with the intention of visualizing, explaining or predicting an existing phenomenon or system (Machanda, 2006) . Made as marker of a thought process that is to be finalized at a larger scale or more permanent medium, the experimental characteristics of the model in art leave open the possibility that its final design can also become the prototype for production and even the artwork as such. The Little Dancer Statue by Dégas (1879-81) made of wax is an example of a model that succeeded in becoming an artwork in its own right, independently of its function as a prototype for multiple bronze castings (some 28 are known to exist), which were made only after the artist's death in 1917. The wax model was the centrepiece of the 6th Impressionist Exhibition in 1881, where it was adorned with costume and hair and judged too 'real' . David Summers's (1993) comments on the promiscuity (attaching everything to itself) and instability of wax as a material suggest that the materiality of the model had a profound effect on the appearance of The Little Dancer as an unsettlingly life-like image. Like the range of visual images from the miraculous images, ex-votos, waxworks, effigies and pornography -usually excluded from the canon of 'art' -that are examined by David Freedberg (1991) in his work on The Power of Images, The Little Dancer in wax has an effect that goes beyond object form. In fact, it opens up an awareness of a disjunction between idea and model caused by means of the material's allusion to fluidity and change. The fragility and ephemerality of the wax model allows one to marvel at the chance to have captured a fleeting image in an even more fleeting medium. What we are in fact beginning to look at in Dégas' wax model is, I would like to argue, an allusion to material flow as the vehicular basis for the transporting of ideas -brought into the open at a time when such flows began to be superseded by progressively immaterial streams of information.
Historically part of an artistic practice that was centred on mimetic representation, the preparatory model lost its purchase among artists working in the early 20th century, whose intention was to deconstruct the very project of representation, at once playfully, poetically and yet rigorously. Terms such as 'conceptual model' or 'structural model' are applied variously to artworks of this period that strive to free artistic practice and its reception from the traps of mimesis without falling into arbitrary composition. Despite the correct allusion of these terms to the conceptual and logical nature of the new referent of representation, terms such as 'conceptual' or 'structural model' are likely to confuse rather than clarify how such artworks achieved their desired effects as these terms do not make explicit the break between the prototype and the preparatory model. The relation between conceptual model and prototype is complex as the conceptual model makes apparent the logic underlying the capacity to generate self-similar images that the prototype realizes through its serial replication. It is perhaps not surprising that the leading examples of conceptual models in the first decades of the 20th century were created in the context of industrial design, which strove to give expression to ideas in ways that allowed for effective dissemination.
A prominent example of a conceptual model is the work of Wassily Kandinsky who, in his 1922 print series Kleine Welten (Small Worlds), attempted to link an inner, felt and sensate world to a rhythmic, abstract and mathematical construction with the aim of creating a visual relationship between coloured forms that were comparable to contemporary music theory as presented by Arnold Schoenberg's 12-note serial method (Kandinsky, 1952: 55) . The new painterly method invited a contemplative experience of time, much like a musical performance, in contrast to a painting's received allusion to presenting canonical versions of moments in time that, even in his own earlier work, found expression in a concern with landscape. The portfolio was made when the artist began teaching at the Bauhaus institution in Germany, an interdisciplinary research laboratory that turned avant-garde designs into prototypes for mass production. The miniaturization of his pictorial polyphony betrays that it was meant as a working model for a new modality of painting rather than as a stand alone 'manifold' artwork.
Where Kandinsky reserved the status of the model for his experimentation in the creation of a fictional 'inner' pictorial universe, the Swiss painter and graphic artist Max Klee, who taught at the Bauhaus at the same time as Kandinsky, went a step further. Refusing to draw a distinction between art and writing, his collages played on the recursive nature of language, its capacity to express the same meaning in manifold ways while retaining its capacity to reference itself. Klee took his own childhood drawings as the material basis for his collages, cutting them up and recombining them to create new images from the old. Notebooks and sketches made on travels were treated in the same way. While Kandinsky utilized his own synaesthesic ability, merging the sensorial perception of hue with that of pitch, to create an image-based resource from which to make self-similar artworks in a prototypical fashion, Max Klee destroyed the notion of the artist's oeuvre and its distinct temporality, with works situated in an anterior and posterior fashion to the present, by reutilizing his own work to create a resource of images capable of generating new algorithmic combinations in the manner of a language.
It was not just in art that the conceptual model emerged in the first decades of the 20th century. In architecture, it was the French artist and architect Le Corbusier who created a mathematically based measuring tool called Le Modulor (The Modulator, 1948, see Figure 1 ), designed as a model of the scaled relation between the proportions of the human body and built structures, illustrated in the 1956 lithograph under the same name. The publication of the text intended the measure he set out in his ostensibly mathematical design, derived in part from Leonardo Fibonacci's interpretation of the Golden section, to shape the future construction of buildings as well as the mass production and distribution of goods. Thus, while the text of Le Modulor was clearly written to serve the dissemination of an idea, the artwork under the same name gave visual expression to the calculation at work in the text, modelling in effect its conceptual structure that was founded on the scaled doubling of the geometry of the square.
It is important to distinguish the artwork made as a prototype from such preparatory devices and even from these conceptual models for two reasons; first, because the prototype is an artwork in its own right; and second, because the artwork as prototype explores abstract ordering principles at work in the production of artworks that find their complement not in existing, external and independently verifiable phenomena, but in thought. The fact that, as we shall see, most of these prototypical works of art are made as 'multiples' , produced in limited editions, serves to underscore not just the elevation of the idea over craftsmanship, but also draws attention to the constraints imposed by the mind upon the commoditization of art in the sense that its circulation is dependent upon a shared empathy with the artwork. The prototype as artwork sets out for the first time to undercut the element of chance involved in captivating consumers of artworks, by foregrounding the role of 'mind-work' in the technical and material fabric of the artwork.
In contrast to a preparatory model, even of an abstract and conceptual kind, the artwork made as prototype evokes complex and multiple associations that remain inseparably tied to the artwork itself. Whereas the conceptual model amplifies the abstract and logical principles underlying the generative reproduction of images from a single intellectual resource identified with the artist, the prototype raises the stakes by collapsing the distinction we tend to uphold between the artist, the idea and the material and technical means of its representation. Reminding one of the late medieval funerary statues of French and English kings (Kantorowicz, 1997 (Kantorowicz, [1956 ) that substituted for the king himself during the interval between death and succession, the prototype exemplifies this other sense of representation, which, in Carlo Ginzburg's (2001) words, does not refer to something that can be independently verified but falls recursively back onto itself, recalling what has been rendered absent in the act of making by translating thought as intention and locating it in the work. The power peculiar to such artworks to entice a sense of presence, by means of what Maniura and Shepherd (2006) have called an 'inherence' constituting the prototype, has been the subject matter of David Freedberg's now classic study of The Power of Images (1991) . The quality of the 'inherence' of the subject within the prototype likens it to miraculous images, ex-votos, waxworks, effigies and pornography whose 'aliveness' produces emotional and psychological effects that range from violence and iconoclasm to compulsive collecting.
Marcel Duchamp was the first artist to intentionally invert the order we expect to exist between model and artwork, making the model not the starting point but the end stage of art production. In part in order to question the notion of the original, his models were made as a series of multiples, issued in sets of 25, with additional 'deluxe' editions. Not the circulation of artworks, but of ideas, stands in the foreground of Duchamp's editions of artworks, of which he produced quite different specimens that express a great deal about what he was trying to do. One of the serial editions of a prototype, designed as artwork in its own right, is known as Pocket Chess (1944, see Figure 2 ). Presented in a leather case the dimensions of a hand, containing plastic pieces, Pocket Chess is a prototype that existed at the outset as a multiple designed as multiplier. Designed to a model scale, Pocket Chess makes its own mobility manifest by its miniaturized size, reminding us of later games made for travel. A game of chance, Pocket Chess declares victory over the consumers of his artwork who have to follow the intention that Duchamp has laid out for them, rather than being free to appraise. Multiplicity and replication are made overt drivers of recognition and attachment in a move that was to comment on and forecast the commoditization of artworks in the 20th-century art market. or the Green Box (1934), both having been produced in editions of 20, with further editions and 'deluxe' editions over the next two decades. Both boxes explore the very constitution of the prototype in art and design, whereby each work produces a slightly nuanced insight into the nature of prototypicality in art. The Box in a Valise makes reference to the uncertainty that prevails over the connections amongst Duchamp's 'readymades' , as it contains miniaturized models of several of his well-known artworks including a model of The Large Glass. The prototype is not just placed here at the final destination of the act of art making, allowing a retrospective of a life's work, but it also challenges our expectation to be able to place works in a linear fashion along a temporal continuum. Scaled to almost the exact same size, each model replica artwork contained in the box is asserting its own place in the artist's oeuvre, giving it a presence and significance that allows it to be recalled as the One that is equal to the Many. Yet there is another sense in which the atomized modality of these miniaturized artworks in a box appears to map time in a manner that is disconcertingly unsettling our assumption of the ego-centric, relative and anthropomorphic nature of spatial perception associated with the viewing of artworks. Here it is the valise, or 'case' , which tells us to assume a modality of perception that is the product of travel and of movement, one that assumes a 'decentred' position capable of seeing all at once and drawn together by the action of recollection. Canonization in art is usually associated with the history of its critical reception, yet here it is premeditated and worked into the artwork itself. Artwork and prototype merge into one another and become undifferentiated agents in an art-world that has become inseparable from the commoditization of things. The Green Box is doing something slightly different. Included here are facsimiles of Duchamp's original written notes, with exact reproductions, even of torn fragments of paper. In a series of 20 'deluxe' editions, each box contained one undisclosed fragment, which in fact was the original. Here, not just the original and the prototype merge into one, but also the preparatory work of idea collection. The calculated thoughts entering the making of the artwork and the circulated manifold of its own replication are bound indissolubly together. The artwork as index and agent of its own history has made its appearance on the European stage. It was, however, not the first and also significantly not alone in competing for attention.
Duchamp's other famous prototypes are known as the Box in a Valise

T H E P R O T O T Y P E I N D E S I G N A N D E T H N O G R A P H Y
No other epistemological preoccupation has come under fire more frequently than the tendency, shared by anthropology along with its neighbouring disciplines, to consider artworks to reside in the elucidation of discourses, ideas and values (Henare et al., 2005; Pinney and Thomas, 2001) . It is now a decade and a half ago that, with reference to Melanesia, Marilyn Strathern (1990: 38) made her famous plea to turn towards a more materially oriented approach that would attempt to locate knowledge and the dynamics of its transmission not merely in the realm of abstractions, but in what Alfred North Whitehead (1979) had long ago called 'moments of concrescence' . Strathern's contribution lay in pointing out that, under conditions of a flourishing knowledge economy, temporal concrescences of existence take an explicit material form, originating in artworks that are visually spectacular although paradoxically they are made to be ephemeral, forcing replication and transmission to take a decisive mental turn. Twentieth-century artists, who strove towards undercutting the element of chance in the dissemination of artworks by making them manifold and thus a replicating agent in their own right, could be mistaken for anthropologists in making their artworks into vehicles of a form of 'mind' exchange in a manner that anthropologists themselves have long failed to acknowledge.
That art, as even anthropologists tend to believe, expresses abstract ideas in a metaphoric manner, is overlooking masses of evidence to the contrary that came to arrive in European museums and artists' workshops in the late 19th and early 20th century from the Pacific. Notions of material ways of knowing, of informed materials and of vehicular materiality are described in abundance by early anthropologists who were drawn to the Pacific in the late 19th century, many of them being compelled to collect in order to capture the material analogue of economies that exchanged knowledge in the same way that we are used to exchanging things. Contributing to the longstanding appeal of south-coast New Guinea to early British anthropologists were the early voyages of A.C. Haddon in 1888 and his Cambridge expedition to the Torres Strait a decade later. Originally trained in zoology, Haddon's wide interests in geology, natural history and anthropology were combined in his rich accounts of south-coast practices that followed other early anthropologists, such as Tylor and Boas, who also dedicated their lives to establishing anthropology as a respectable science (Herle and Rouse, 1998) . Based on Mabuiag Island during his first stay in 1898, Haddon acquired collections of artefacts, mostly weapons and ornaments, in exchange for tobacco, tomahawks, knives and calico. Following the Darwinist evolutionary school, Haddon applied an organic approach to the study of an object's construction and decorative design, intent on mapping artefacts as elements of entire local systems. Rather than studying artefacts as isolated specimens, he plotted the geographic distribution of object types and decorative patterns in specific regions, situating them within an ecological model that embraced both the natural and the social environment. His early publications, published soon after returning to his Chair of Zoology at the Royal College of Science in Dublin, are The Decorative Art of New Guinea (1894) and Evolution in Art: Illustrated by Life-Histories of Design (1895); they were formative in attracting continued academic interest to this region, but chiefly in setting out an approach that was to situate the study of the concrete through a concern with art at the heart of anthropology. Such a study consisted of the documentation of variation, using a scientific method in which modelling and replication began to complement collecting as a mode of documentation (p. 87). Haddon commissioned models of objects that no longer existed or were inappropriate to remove and that not only illuminated construction but also helped to elicit information about use in performances that had not been staged for decades.
Anthropologists were drawn to the Pacific, sensitized, I would argue, by profound changes in the nature of things in their own culture. These changes were emanating throughout the everyday world in the form of designed things that were made to be desirable in a rather specific and very concrete manner that required objects to be handled and compared (Forty, 1986) . Catalogues began to offer manufactured objects of use that were classified into a series of variations based on concrete differences of size and complexity, targeted at specific audiences. The world of design that had begun to explode onto the European scene was itself set within a resurgence of a chemical revolution that had come to a rapid halt at the onset of the Enlightenment, yet which gained momentum with the discovery of Kautschuk (rubber) and cellulose in the mid 19th century. These new materials allowed for the rapid replication of prior originals with such a good likeness that the distinction between the original and the copy began to erode, re-collectable only in memory.
The prototype, as we know from mechanical modes of reproduction, is the original and the model insofar as all artefacts can be related to their origin by virtue of formal likeness. Such similarity, however, can be deceiving as it hides a prior act, carried out in the mind or on paper, which involves the drawing of the prototype, usually to a different scale and with different dimensions. The prototype is in fact capable of exerting a kind of compulsive self-replication on account of this material translation of a prior 'thought' form, involving memory and the conceptualization of an image. In Europe, the material translation of scale and the dimensionality that originates in the prototype was a technical invention, known as axonometric drawing, which brought with it the emergence of a notion of artefactual design and architecture.
The first such scaled and dimensioned prototype in Europe, famously giving rise to the world of design as we know it today, was created by John Flaxman (1755-1826), who was the most famous English Neo-classical sculptor and draughtsman of the late 18th and early 19th century. Flaxman produced drawings for monumental sculpture made from moulds as well as sketched designs for pottery when he was hired by Wedgwood manufacturers, in addition to drawings for works in silver. John Flaxman's sketches are important in their influence on the emergence of industrial design in the 19th century and allow for an inquiry into the translation of two-dimensional into three-dimensional forms of representation, which became a conventional method of prototypical design in the 19th and 20th centuries.
The second prototype is the Jacquard loom, invented in 1804-5, and later developed by Charles Babbage (1791-1871) into drawings for the first computer in 1834. This inventor of the first mechanical loom recognized that weaving, although an intricate and delicate task, was also a highly repetitive task. He believed that the weaving of complex patterns could be automated and conceived a system that relied on stiff, pasteboard cards with various patterns of punched holes. At each throw of the shuttle, a card was placed in the path of the rods. The pattern of holes in the card determined which rods could pass through and thus acted as a program for the loom, translating in effect a two-dimensional pattern into the three-dimensional act of weaving.
Artefacts resulting from the prototypical translation of geometric patterns into three-dimensional forms share a common feature in that their forms are measurably alike each other -it was no doubt as a result of this technical invention of scaled form that mass manufacture could get underway. The new way of thinking offered by a scaled material world was shown by Ian Hacking (1990) to have led at the end of the 19th century to a preoccupation with numerology in the form of statistics -a material world that had embraced variation had turned to a world that looked for sameness as a way to tame the vital element of chance, as Hacking called it. By the end of the 19th century, variation, as such, had become not just deeply unpopular as an unsettling reminder of a world that could not be predicted, but had also become synonymous with the strange and exotic, only to be ultimately forgotten as soon as its technology had entered art production.
It was the discovery of how to tame variation through prototypical design originating from prior material translation that came to constitute modernity, leading to the rediscovery of plurality as a material way of thinking about matters such as identity and value that became the cue for developments in science and technology during the 20th century. In a move that was as swift as it was unremarkable, the 'designed' prototype with its allusion of a world made to measure held popular imagination and came to inform art and science alike. The scale as the measure of all things was most forcefully articulated by avant-garde artists in their concern with material translation and topological deformation, and in their love for the oceanic art of the Pacific. In fact, oceanic art, I would argue, outlined for the artists of the early 20th century, who were taken in by the idea of the 'designed' prototype, a world made to measure, a material world whose calculated nature could enable one to transcend chance.
